Introduction
============

Adult-onset Still's disease (AOSD), first recognized and described in 1971,[@b1-tcrm-14-167] is a rare multisystem inflammatory disorder of unknown etiology and pathogenesis characterized by a sudden onset of high spiking fever, evanescent skin rash, arthritis or arthralgia, leukocytosis, and a characteristically elevated serum ferritin level.[@b2-tcrm-14-167] AOSD is still an uncommon disease with a low prevalence of 1 to 34 cases per 1 million people, and it is more common in females than in males.[@b3-tcrm-14-167]

The precise etiology and pathogenesis of AOSD remain unknown despite decades of research. It is generally accepted that the incidence of AOSD was associated with high levels of some proinflammatory cytokines such as IL-1, IL-6, IL-18, TNF-α, and IFN-γ.[@b4-tcrm-14-167]

Therapy of AOSD is usually empirical. During the first stage, nonsteroidal anti-inflammatory drugs and corticosteroids are prescribed. AOSD patients suffer from not achieving remission and adverse reaction to nonsteroidal anti-inflammatory drugs.[@b5-tcrm-14-167] Also, about 45% of the cases receiving corticosteroids resulted in patients suffering from steroid dependency. Then, disease-modifying antirheumatic drugs (DMARDs) are generally considered the second-line drugs in AOSD treatment.[@b6-tcrm-14-167] As for those patients resistant to the first- and second-line drugs, studies have focused on biological agents as choice of therapy for such patients. Biologics targeting important inflammatory cytokines (eg, TNF-α, IL-1, and IL-6) play a critical role in the treatment of refractory AOSD.[@b7-tcrm-14-167] Also, most AOSD patients have benefitted from the efficient biological therapies.[@b8-tcrm-14-167]

In order to evaluate the effect and safety of biological therapy for the treatment of ASOD, we systematically reviewed the published English-language articles concerning the treatment of AOSD with biological drugs.

Patients and methods
====================

This evidence-based review focuses on the use and effectiveness of biologics in the treatment of refractory AOSD.

We searched all the literature published before March 2017. Database of Library of Congress, the PubMed, and Web of Science Core Collection were used to retrieve relevant articles published in English language. The search strategy used a combination of terms: adult-onset Still's disease, AOSD, biological therapy, biologics, TNF-α inhibitor, IL-1 inhibitor, IL-6 inhibitor, IL-18 inhibitor, infliximab, etanercept, adalimumab, golimumab, anakinra, canakinumab, tocilizumab, abatacept, and rituximab. Only studies published in English language were included, and the additional references quoted in these articles were also checked. Articles concerning the efficacy and safety of all the biotherapies in refractory AOSD were evaluated.

Results
=======

We searched 168 articles by using the search strategy. Fifty-six articles were excluded as they were non-English-language articles, reviews, and case reports focused on conventional therapies. One hundred and twelve papers concerning biotherapies for refractory AOSD were included in this review. Only one randomized study compared the efficacy of anakinra and traditional drugs in the treatment of AOSD patients. The remaining articles included 2 open-label clinical trials, 9 retrospective studies, 5 case series, and 95 case reports. Among the total 112 articles, 33 reports evaluated the efficacy and safety of TNF-α (adalimumab, n=6, etanercept, n=16, infliximab, n=11), 39 articles demonstrated the effectiveness of IL-1 inhibitors (canakinumab, n=4, rilonacept, n=1, anakinra, n=34), 40 studies reported the efficacy and safety of IL-6 blocker (tocilizumab, n=40), and 8 articles reported the effectiveness of other biological therapies (abatacept, n=2, rituximab, n=6).

All the 422 patients who were diagnosed with AOSD met the Yamaguchi criteria[@b9-tcrm-14-167] or Fautrel criteria.[@b10-tcrm-14-167] All of these patients failed conventional therapies, including high-dose corticosteroids and immunosuppressive drugs. The included patients had received biological therapy at least once.

The mean age of the 422 included patients (female, n=269, male, n=142, not reported, n=9) was 37 years (range: 16--80). The mean duration from AOSD onset to the start of biologic therapy was 62 months (range: 0.1--408). The characteristics of these patients are summarized in [Table 1](#t1-tcrm-14-167){ref-type="table"}.

Two hundred and ninety-three patients (69.43%) had received TNF-α blocking agents (infliximab, n=100, etanercept, n=154, adalimumab, n=39), 194 patients (45.97%) were treated with anti-IL-1 (anakinra, n=184, canakinumab, n=6, rilonacept, n=4), 163 patients (38.63%) were given tocilizumab, and 24 patients (5.69%) had received rituximab 11 times and abatacept 13 times. As a result, 37 (infliximab, n=20, etanercept, n=13, adalimumab, n=4) of 293 (12.63%) patients received TNF-α blockers, 127 of 194 (65.46%) patients were treated with anti-IL-1 agent, 124 of 163 (76.07%) patients received tocilizumab, and 8 of 24 (33.33%) patients received other biologics, and all these patients achieved remission. Three hundred and eighty-four patients (91.94%) tapered steroids without relapse when they were given biologics.

Most of the reported adverse events of biotherapies were not severe during the treatment of AOSD. There were 20 adverse events caused by anti-TNF-α (adalimumab, n=2, infliximab, n=6, etanercept, n=12), 40 adverse events were caused by IL-1 antagonists (anakinra, n=39, canakinumab, n=1), and 40 adverse reactions were caused by IL-6 inhibitor (tocilizumab, n=40). The main side effect in all cases was infection. There were also some life-threatening adverse events including macrophage activation syndrome (MAS), heart failure, and liver failure. The details about side effects during AOSD treatment are listed in [Table 2](#t2-tcrm-14-167){ref-type="table"}.

Discussion
==========

This report investigated the efficacy and safety of biologics in the treatment of refractory AOSD. It has been reported that activated T-cells and the overproduction of Th1 proinflamma-tory cytokines (TNF-α, IL-1, IL-6, IL-18, and IFN-γ) play critical roles in the pathophysiology of AOSD.[@b11-tcrm-14-167] And the elevated cytokine level may be a result of a cascade of activations that TNF-α favors, activating IL-1, which stimulates the production of IL-6.[@b12-tcrm-14-167] Therefore, biological agents targeting these proinflammatory cytokines have been increasingly available since the first case received TNF agonist reported in 1998.[@b13-tcrm-14-167]

The treatment of refractory AOSD is challenging. Not only an increase of steroid dosage and an addition of methotrexate are required but biologics are also needed. In our systematic review, we found TNF-α blockers (infliximab, adalimumab, and etanercept) were the most widely used biologics (69.43% of patients) in the treatment of refractory AOSD.[@b13-tcrm-14-167],[@b14-tcrm-14-167] However, their effect (total: 12.63%, infliximab: 6.8%, adalimumab: 1.4%, etanercept: 4.4%) was the lowest compared with other biologics (eg, IL-1 antagonists, IL-6 inhibitors). TNF-α blockers should be switched from one to another,[@b15-tcrm-14-167]--[@b21-tcrm-14-167] or changed to a different cytokine (IL-1, IL-6) receptor blocker to maintain disease remission. Though TNF-α plays an important role in a number of inflammatory disease such as rheumatoid arthritis and psoriasis, and the low effectiveness of TNF-α inhibitors may indicate that TNF-α is less critical in the pathophysiol-ogy of AOSD than IL-6 or IL-1.[@b22-tcrm-14-167]

IL-1 and IL-6 receptor inhibitors were more likely to lead to a complete remission than TNF-α blockers. They could also normalize the acute-phase proteins, white blood cell count, erythrocyte sedimentation rate, and C-reactive protein level in refractory AOSD patients.[@b23-tcrm-14-167] Among all the 194 AOSD patients who received IL-1 inhibitors (anakinra, canakinumab, rilonacept), 127 patients (65.46%) achieved disease remission. Additionally, an open and randomized study compared the efficacy of anakinra and DMARDs in refractory AOSD, and the results demonstrated that patients receiving anakinra showed more robust responses, although the results were not statistically significant.[@b23-tcrm-14-167] The patients had one problem with the drug and this was that anakinra had to be prescribed and injected daily. As for IL-6 antagonist, 124 out of 163 patients (76.07%) prescribed tocilizumab achieved disease remission. Additionally, tocilizumab has been observed to have a good effect in refractory AOSD patients, but is accompanied by life-threatening conditions like MAS.[@b24-tcrm-14-167] Both anakinra and tocilizumab could lead to rapid and sustained response and corticosteroid-sparing therapies.[@b25-tcrm-14-167]

There is little knowledge about the efficacy of rituximab and abatacept on AOSD treatment.[@b15-tcrm-14-167],[@b16-tcrm-14-167] We cannot evaluate their efficacy, and so further studies are needed.[@b25-tcrm-14-167],[@b26-tcrm-14-167]

With regard to the tolerance of biotherapies, the main side effects include mild to moderate skin rash and infections. However, attention should also be paid to the life-threatening side effects such as MAS. On the one hand, the aberrant production of cytokines may lead to a series of associated disorders such as MAS[@b27-tcrm-14-167] and organ failure.[@b28-tcrm-14-167],[@b29-tcrm-14-167] On the other hand, treatment of ASOD with biologics would also lead to MAS.[@b17-tcrm-14-167],[@b27-tcrm-14-167],[@b30-tcrm-14-167]--[@b32-tcrm-14-167] But there is no consensus about the mechanisms of MAS, and it may be triggered by a series of cytokines such as TNF-α, IL-1β, IL-6, IL-18, and IFN-γ.[@b33-tcrm-14-167] The pathogenesis of MAS is still unknown. Perhaps the imbalance of the cytokine network caused by the blockade of one single cytokine would be the possible cause of biologics-associated MAS.[@b27-tcrm-14-167] This could be one reason why MAS could be treated with steroid-pulse therapy or concomitant nonselective immunosuppressive therapy. Therefore, further studies are needed to explain the pathogenesis of this interesting finding.

Only a few cases reported successful use of anakinra during pregnancy and breast-feeding in gestation.[@b19-tcrm-14-167],[@b34-tcrm-14-167] It may be feasible to use the biologics available like anakinra and infliximab during the early stage of the disease so that the side effects of high-dose steroids and DMARDs can be reduced.[@b35-tcrm-14-167]

There are some limitations in our study. The selection bias could not be avoided. The retrospective nature of the study combined with the fact that it was a case series did not allow for the gathering of complete information on the patients. Cases published mainly described the patients with good responses when treated with biologics. The definition of disease remission was different in different reports. Additionally, there is no randomized, double-blind study to demonstrate the efficacy and safety of different biologics.[@b7-tcrm-14-167],[@b15-tcrm-14-167]

Overall, biological agents are effective in the treatment of AOSD patients who are resistant to corticosteroids and DMARDs. IL-1 and IL-6 blockers are better than anti-TNF-α agents in efficacy and safety and also led to the achievement of greater success in the management of refractory AOSD. Among all the biologics mentioned in this review, anakinra and tocilizumab could serve as promising drugs that have the highest priority in the future treatment of refractory AOSD. However, the data about the availability of abatacept is so limited that its tolerance cannot be evaluated. Further studies are required to assess the better use of both biologics in AOSD patients. If possible, randomized control trails should be conducted in the future to enable stronger evidence to be gathered about the effects and safety of biological therapy for AOSD patients.

Conclusion
==========

Anakinra and tocilizumab would be promising drugs with the highest priority in the future treatment of refractory AOSD with good efficacy and safety.
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###### 

Summary of patient characteristics at the start of the biologics therapy

  Characteristics                                                Results
  -------------------------------------------------------------- -------------------------------------
  Age at biologics start, median (range) (years)                 35 (16--80)
  Sex (N)                                                        Female: 269, male: 142, unknown: 9
  Duration from onset to the start of biologics median (range)   27 (\<1--163)
  Follow-up median (range) (months)                              13.5 (\<1--84).
  Symptoms                                                       
   Fever                                                         N=281, 68.7%
   Rash                                                          N=223, 54.5%
   Sore throat                                                   N=113, 27.6%
   Arthritis/arthralgia                                          N=303, 74.1%
   Myalgia                                                       N=57, 13.9%
   Serositis/pleuritis                                           N=62, 15.2%
   Lymphadenopathy                                               N=90, 22%
   Hepatosplenomegaly                                            N=77, 18.8%
   Leukocytosis median (range) (10^9^/L)                         N=198, 48.8%, 16.4 (10.2--96.0)
   ESR median (range) (mm/1 h)                                   N=261, 63.8%, 72 (4--144)
   CRP median (range) (µg/dL)                                    N=262, 64.06%, 11.1 (2.3--40)
   Hyperferritinemia median (range) (mg/dL)                      N=193, 47.19%, 3,875 (500--155,000)

**Abbreviations:** CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.

###### 

Side effects reported on biological therapy of refractory AOSD

  Biologics     Rash   MAS   Infection                                                                                                                                                                                                                                                                              Others                                                                                                                                                                                                                                                                                          Total
  ------------- ------ ----- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------
  Adalimumab    1      2     0                                                                                                                                                                                                                                                                                      0                                                                                                                                                                                                                                                                                               3
  Etanercept    2      0     3 (1 *Listeria* Meningoencephalitis, 1 *Pneumocystis jirovecii* pneumonia, 1 thigh abscess)                                                                                                                                                                                            2 (1 allergy; 1 shortness of breath)                                                                                                                                                                                                                                                            7
  Infiliximab   4      2     3 (1 bacterial pneumonia, 1 hepatitis B virus, 1 recurrent bronchitis)                                                                                                                                                                                                                 3 (1 massive edema of the bilateral periorbital region, 1 lupus rash + optic neuritis, 1 cardiac failure)                                                                                                                                                                                       12
  Anakinra      18     0     13 (5 urinary tract infections, 2 soft tissue abscess, 1 phalanx osteomyelitis, 1 gastroenteritis with fever, 1 influenza A virus infection of the upper respiratory tract, 1 trachiobronchitis, 2 respiratory tract infection by *Pseudomonas aeruginosa*, 1 herpes zoster)           8 (3 mild leukopenia, 1 cardiac death, 1 escape phenomenon, 1 myopathy, 1 severe respiratory distress and hemodynamic shock, 1 subacute liver failure, 2 trombocytopenia)                                                                                                                       39
  Canakinumab   0      1     0                                                                                                                                                                                                                                                                                      0                                                                                                                                                                                                                                                                                               1
  Tocilizumab   0      2     15 (4 upper respiratory tract infection, 2 herpes zoster virus infection, 1 Epstein--Barr virus infection, 1 dental infection, 1 acute enterocolitis, 1 pyelonephritis, 3 bacterial pneumonia, 1 urinary infection, 1 abscess in the psoas muscle caused by *Staphylococcus aureus*)   23 (2 facial swelling, 2 high blood pressure, 1 deep vein thrombosis and massive hematochezia, 1 chest pain and chills, 5 increased alanine aminotransferase levels, 5 leukopenia or neutropenia, 1 liver failure, 1 liver Injury, 2 hyperlipidaemia, 2 hyperlipidemia, 1 malignant melanoma)   40

**Abbreviations:** AOSD, adult-onset Still's disease; MAS, macrophage activation syndrome.
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